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Abstract
Techniques are described in which the intensity distribution of an ultrasound beam is measured with high
resolution by means of the radiation reflected from a target whose effective backscattering diameter is smaller
than one wavelength. Correlation receivers are used to improve the signal-to-noise ratio of the echo. As the
target is scanned across the beam, the phase of the reference signal applied to the correlation receiver must be
adjusted to compensate for changes in the time of flight of the ultrasound echo. The broadband beam intensity
mapping technique employs a noise signal in which phase compensation is adjusted manually. The other
technique, which is used with narrow band signals, applies a phase quadrature technique to achieve phase
compensation.
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BEAM INTENSITY PROFILING USING CORRELATION SYSTEMS 
E. S. Furgason, G. F. Johnson, and B. B. Lee 
School of Electrical Engineering, Purdue University 
West Lafayette, Indiana 47907 
ABSTRACT 
Techniques are described in which the intensity distribution of an ultrasound beam is measured with 
high resolution by means of the radiation reflected from a target whose effective backscattering diameter 
is smaller than one wavelength. Correlation receivers are used to improve the signal-to-noise ratio of 
the echo. As the target is scanned across the beam, the phase of the reference signal applied to the 
correlation receiver must be adjusted to compensate for changes in the time of flight of the ultrasound 
echo. The broadband beam intensity mapping technique employs a noise signal in which phase compensation 
is adjusted manually. The other technique, which is used with narrow band signals, applies a phase 
quadrature technique to achieve phase compensation. 
INTRODUCTION 
When it is necessary to accurately predict the 
acoustic beam pattern of a transducer or array, one 
may either resort to mathematical models or attempt 
direct measurement of the intensity distribution. 
Although the mathematical models of highly idealized 
transducers that exist in the literature come close 
to predicting the far field intensity patterns for 
both narrowband and broadband signals, they cannot 
represent the details of the beam patterns for real, 
non-ideal transducers. This is especially true for 
both the near field and the beginning of the far 
field, the regions in which mo~t transducers are 
used. This shortcoming is apparent in our measure-
ments of single frequency intensity distributions 
near the beginning of the far field zone. 
Commercially available equipment for ultrasonic 
beam measurement typically lacks sufficient resolu-
tion and sensitivity to adequately characterize 
the beam. In additiov. these systems have diffi-
culty dealing with the two cases in which we have 
the greatest interest, the single frequency signal 
and the very wide band random signal. 
Two techniques have been developed in which the 
intensity distribution of an ultrasound beam is mea-
sured with high resolution by means of the radia-
tion reflected from a hemispherical target whose 
effective backscattering diameter is smaller than 
one wavelength. One of these techniques provides 
high resolution beam plots for narrow band beam 
signals. The second is used to examine broad band 
beam patterns. Correlation receivers are used in 
both techniques to enhance the signal-to-noise 
ratio of the echo. 
SYSTEM FOR NARROW BAND SIGNALS 
Beam plots for single frequencies are obtained 
from a system based on a modification of a direc-
tional ultrasonic Doppler flow meter. The system 
transmits a pulse modulated burst of RF with center 
frequency described by cos(",0t). The echo expected from a point reflector, due to this transmitted 
signal, will contain a frequency component described 
by 
A(x,y;z)cos {w0t+$(x,y;z)} (1) 
In this expression A(x,y;z) is proportional to the 
intensity distribution of the ultrasound field in 
the plane normal to the axis (z-direction) of the 
acoustic beam and $(x,y;z) is a phase factor depen-
dent on the distance, in wavelangths, between the 
transducer and the point of measurement. The objec-
tive of the measurement is to accurately extract 
the amplitude function A(x,y;z) from expression 1. 
The most straightforward approach to this deter-
mination is to simply measure the envelope of the 
echo signal as a function of target position. This 
method suffers from two serious drawbacks. Since it 
is necessary to pulse the transmitted signal to 
control multiple reflections, the transmitted sig-
nal is not a single frequency but an entire spectrum 
whose bandwidth is inversely proportional to the 
transmitted pulse length. As a result, the envelope 
of the echo signal actually contains contributions 
from many frequency components, making interpreta-
tion of the measurement difficult. In addition, 
direct measurement of the echo envelope provides 
no signal-to-noise ratio enhancement. This is an 
extremely important shortcoming, especially when 
detailed information about the side lobes is required. 
Accurate beam measurements also require the use of 
a target whose effective reflecting surfa~e is small 
compared to an acoustic wavelength. In practice, 
this. is accomplished by using a target which has a 
hemispherical reflecting surface. Although the 
target may actually be larger than an acoustical 
wavelength, sound will be returned to the trans-
ducer from only that portion of the spherical sur-
face which is nearly tangent to the beam axis. As 
a result, little of the transmitted acoustic energy 
is returned to the transducer. 
The system we have constructed overcomes the 
limitations of the envelope detection system by 
using a degenerate heterodyne, or homodyne receiver. 
If the received echo is mixed with a reference sig-
nal, it is possible to filter the mixer output to 
obtain only the information contained in a single 
frequency component of the received echo. If the 
reference signal is derived from the same master 
oscillator as the transmitted signal, the resulting 
signal, after filtering, will be 
A(x,y;z)cos {$(x,y;z)} (2) 
The use of a homodyne system allows selection of 
a single received frequency component, even though 
the transmitted signal is pulse modulated. Further-
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more, this type of system provides signal-to-noise 
ratio enhancement proportional to the band compres-
sion of the receiver, the ratio of the output band-
width to the received bandwidth. This type of 
system, however, still retains the phase term 
~(x,y;z). To remove the phase term, we take advan-
tage of the quadrature signals available in the 
single-sideband receiver of the directional Doppler 
system. 
The two quadrature signals, cos(w0t) and sin(w0t), derived from the master osci1lator are 
each mixed with the received echo. If the output 
of these multipliers is passed through a suffi-
ciently narrow band low-pass filter, the only sig-
nals which survive are: 
A(x,y;z)cos {~(x,y;z)} 
A(x,y;z)sin {~(x,y;z)} ( 3) 
By taking the vector magnitude of these two signals, 
the desired intensity function A(x,y;z) is extracted. 
Thus we can obtain accurate measurements of the 
single frequency beam profile with significant 
signal-to-noise ratio enhancement. 
SYSTEM FOR BROAD BAND SIGNALS 
To obtain maximum resolution, most flaw detec-
tion systems take full advantage of the available 
transducer bandwidth. Broadband signals are also 
used in the high sensitivity random signal flaw 
detection that we have developed. Thus there is a 
significant need to accurately characterize the 
broadband intensity patterns of acoustic transducers. 
The beam plotting system used to measure broad-
band sound intensity patterns is based on a modifi-
cation of the random signal flaw detection system. 
In the flaw detection system, broadband ultrasonic 
random signals are gransmitted into the sample, 
echoes reflected from inhomogeneities are picked 
up by the transducer and amplified as in a conven-
tional pulse-echo system. The received signal is 
then correlated with a time delayed copy of the 
transmitted acoustic signal which has been stored 
in a delay 11ne. The amplified echo signal, toge-
ther with the reference signal emerging from the 
delay line, enter a correlator which consists of 
a multiplier followed by an integrator in the form 
of a low-pass filter. 
The system will produce a non-zero output only 
when the delay imposed on the reference signal 
approximately equals the time of flight of the 
transmitted signal to the target and back. The 
output of the system is a maximum when the time of 
flight and the delay are identical. If the length 
of the time delay of the reference signal is slowly 
changed, the system scans along a line in the test 
object, producing an output on each occasion that 
the varying delay time nearly equals the time of 
flight. The output of the correlator is actually 
the cross-correlation function of the echo signal 
and the reference signal . 
Since the auto-correlation function is for 
the entire transmitted signal, every frequency 
component of the transmitted signal contributes to 
the peak of the function. Therefore, if the peak 
of the auto-correlation function is tracked as a 
function of the target position as the target is 
moved through the ultrasonic beam, the output will 
represent the beam pattern due to the transmitted 
broadband signal. Since this system uses a corre-
lation receiver and provides band compression the 
output will have a greatly enhanced signal-to-
noise ratio. 
Beam profiles of the near field and far field 
have been made using both systems and the same l/4 
inch diameter wideband transducer. The far field 
intensity patterns were found to match computer 
simulations very well. The measured narrow band 
profile for the far field also showed additional 
details due to the non-ideality of the transducer 
under test. 
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